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ABSTRACT 


yhe  ^parat ion  and  purification  of 
methods  that  gave  the  best  results 


V  and  W  antigens  are 
were  : 


described . 


The  precipitation  of  both  antigens  from  the  supernatant  fluid 
of  a  36°C-grown  culture  of  strain  M23  by  use  of  anmonlum  sulfate, 


ib)  Chromatography  on  DEAE  cellulose. 

V  antigen  was  eluted  with  O.l  M  NaCl  and  W  antigen  with  0.5  M  NaCl. 
Recycling  both  antigens  on  DEAE  colli, lose  resulted  in  a  sample  contain¬ 
ing  approxinvate ly  20  units  of  V  antigen  per  milligram  of  protein  (100- 
fold  purification)  and  no  W  antigen,  and  a  sample  containing  600  units 
of  U  antigen  per  milligram  of  protein  (1000-fold  purification)  and  no 

V  antigen, 

V  antigt-n  is  a  protein  with  a  molecular  weight  of  90,000  and  W 
antigen  Is  a  lipoprotein  with  a  molecular  weight  of  143,000. 

Both  antigens  scablff^t  60“C,  but  not  at  RO^C,  for  30  mittutee. 

w  Ariuigari,  uU’  net  V,  "SS  itst  npm  errfn-ivfr  dislysis  Aiatnisd 

water  or  pervaporation.  Both  antigens  were  reduced  in  titer  by  pro¬ 
longed  storage  at  3'C  or  oy  iyophilitation,  but  not  by  aiormgB  bC  -ZC’Ci 

Baaed  on  the  uea  of  rabbit  antisera  containing  only  V  antibody  oi; 
only  W  antibody,  the  conclusion  was  drawn  that  V  antibody,  but  not  W 
antibody,  can  protect  mice  against  plague, 
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I.  INTRODUCTION* 


SLudies  by  Burrowp  and  Bacon  demonstrated  that  virulent  strains  of 
Pasteurel  la  peatla^  and  Paateure  11a  pseudotuberculosis''  produce  two 
antigens,  designated  V  and  W,  that  are  not  produced  by  most  avlrulent 
strains.  Biological  effects  associated  with  these  antigens,  as  observed 
by  use  of  live  and  VW  strains.  Indicated  chat  the  antigens  were 

associated  with  resistance  to  phagocytosis*  and  were  essential  for  the 
fleet  live  vaccine  in  mice.®  Direct  evidence  on  the  activity  of  each 
antigen  depends  on  their  separation  and  purification.  This  manuscript 
summarizes  our  Investigation  into  the  biosynthesis,  separation,  purlfl> 
cation,  and  protective  value  of  V  and  W  antigens. 


II.  MATERIALS  AHD  KETHODS 


A.  STRAINS 


Z’  strain  M»22®  was  chcscn  because  it  appeared  to  produoe 

as  much  V  and  W  antigens  as  any  other  virulent  strain,  but  did  not 
produce  detectable  .saseunte  of  Fraction  1,  a  proteln-ea-rhohydrata 
complex  usually  present  In  large  quantitlee  In  the  supernatant  fluid 
of  typical  vLruIant  atralns  of  F.  pestls.  P.  oastla  strain  Alexander 
was  used  to  challenge  animals  in  passive  protection  experiments. 

B.  QUANTITATION  OF  ANTIGENS 

V  end  W  antigens  were  essayed  by  diffusing  various  dilutions  of  s 
sample  against  a  standard  V  or  W  antiserum  In  a  gel  plate  under  stand' 
ard  conditions.^  The  greatest  dilution  that  showed  s  visible  bend  of 
pmcipltsCB  was  conaldared  to  contain  one  unit  of  antigen  p«r  milliliter. 
Purification  results  are  expressed  in  terms  of  units  of  antigen  per 
milligram  of  protein,  and  the  minimum  number  of  antigans  aaaoclaced  with 
a  sample  Os  determined  by  diffusion  against  complex  antla.tra. 


*  "In  conducting  the  reaearch  reported  herein,  the  inveetlgators  ad¬ 
hered  to  "Prlnclplee  of  Laboratory  Animal  Care"  as  established  by 
the  National  Society  for  Medical  Research. 
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C .  CHEMICAL  AND  PHYSICAL  ASSAYS 

Protein  waa  measured  by  either  the  spec trophotometrlc  methodj  which 
relates  protein  concentration  to  the  absorption  of  light  at  215  milli¬ 
micron,®  or  the  chemical  method  of  Lowry.®  Carbohydrate  was  measured 
by  the  dlphenylamlne  method.^®  Lipid  was  estimated  by  the  method  of 
Snyder  and  Stephens.^'  Nucleic  acid  waa  calculated  from  the  absorption 
of  light  at  2.60  millimicrons.  Molecular  weights  were  calculated  by  the 
gel  diffusion  method  of  Poison.^® 


Ill,  RESULTS 


V  and  W  antigens  are  produced  at  ST^C  but  not  at  26*C.®  However,  at 
37‘'C,  avlrulant  V'w"  mutants  are  favored  In  many  media,  resulting  in 
Little  or  no  V  and  W  antigen  production.  To  avoid  this,  strain  M-23  was 
grown  at  2C'’C  in  Dlfco  heart  Infusion  brotl;  for  24  hours  and  the  cells 
wars  sedimented  and  resuspended  at  36°C  for  16  hours  under  various  con¬ 
ditions!  This  study  resuUad  In  the  foUowlng-conolusloiiaj - 

(s)  At  least  three  par  cent  Bacto  Casltone  was  necaesary  for  the 
synthssls  of  V  and  W  antigens. 

(b)  Under  theea  condltlona,  at  least  0.01  M  sodium  gluoonste  was 

esaantisl.  Aomonlua  gluconate  was  equally  effective,  and  raagneslum 
gluconate  doubled  the  production  of  V  and  W  antigens.  It  has  been. dem¬ 
onstrated  by  Brubaker  and  Surgalla*  that,  under  different  cultural  con¬ 
ditions,  energy  aourcaa  ocher  then  gluconate  can  support  Che  production 
of  V  and  W  antlgans.  _  _ 

(c)  Calcium  Inhibited  the  syntheals  of  V  end  V  antigens.  This 
observation  has  bean  conflrsMd  and  extended  by  Drubeker  and  Surgalla.*  ■ 

(d)  No  eynthesis  of  V  or  W  antlgene  occurred  in  an  atmoaphete  of 
100  per  tent  COj,  of  95  par  cent  Nj  plus  5  par  cant  CO2,  or  ^  vacuo. 

A.  PKODUCTION  OF  ANTIGENS  FOR  PURIFICATION 

On  the  baels  of  these  findings,  stsaln  M-23  was  grown  In  Dlfco  heart 
infualon  broth  at  26”C.  The  cells  were  sadlmauLad,  resuspended  In  a 
medium  (300  mlllilltere  per  two- liter  flask)  of  5  per  cent  Bacto  CaaiCone 
.0.04  sodiuD), gluconate,  and  0.04  M  magnesium  sulfate,  and  shaken  at  SO’C 
for  16  hours.  During  the  16-hour  Incubation 'period,  the  viable  number  of 
microorganisms  remained  at  I'xlCf  to  2x10®  per  .;^lllllter,  and  the  pH 

\.  ■  '  '  .  ■  '  ,  ■ 


*  Manuscript ■ in  preparation 
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remained  near  7.0.  The  contents  of  the  flasks  were  pooled  and  the  cells 
permitted  to  settle  overnight  at  5°C.  The  clear  supernatant  fluid  was 
8iphonedr^rf',~fntercd  through  sintered  glass,  and  brought  to  3.0  M 
with  solid  ammonium  sulfate.  The  precipitated  proteins  were  collected 
after  standing  approximately  one-half  hour,  pH  6,  5°C,  resuspended  in 
a  minimum  amount  of  distilled  water  and  dialyzed  overnight  against 
cold  distilled  water. 

A  comparison  of  the  supernatant  fluid  with  the  cell  contents  (ob¬ 
tained  by  sonlcatlon  or  acetone  drying)  indicated  that  the  total  amount 
of  V  and  W  antigens  was  split  about  50:50  between  the  cells  and  the 
supernatant  fluid,  but  the  units  of  each  antigen  per  milligram  of 
protein  were  twice  as  much  In  the  supernatant  fiuld.  In  addition,  there 
was  a  much  higher  concentration  of  nucleic  acxd  in  the  disrupted  cells. 
Precipitation  with  3.0  M  ammonium  sulfate  and  subsequent  dialysis  re¬ 
sulted  in  a  tenfold  concentration  and  a  fourfold-to  fivefold  purifica¬ 
tion  of  both  antigens. 


B.  PUBIPICATION 


-  frac^Ionatldn 


A-iiainirl«-of-appr<»tifflB(reIy  400  mlrtU-l-itara  of  aterlle  superna¬ 
tant  fluid  that  had  been  concentrated  by  ammonium  suiface  and  dialysed 
was  used  to  detarmlna  the  effectiveness  of  fractional  Increaaas  of  aaBon- 
lum  aulffte  on  tho  purification  of  V  and  W  antigens.  A  ten-mlUlllter 
lampla  (l.I  units  V  and  W  antlgana  per  milligram  of  protein)  was  brought 
to  1.2  M  by  the  addition  of  3.S  M  ammonium  sulfa ta,  pH  7.0,  held  tan 
minutes,  and  centrifuged  at  27,000  x  g  for  five  minutes.  The  precipitate 
was  reauependf^d  in  distilled  weter  and  tested  for  V,  W,  and  total  protein. 
The  supernatant  fluid  was  brought  lo  1.4  M,  and  cha  procedure  wea  repeated 
until  2.2  M  anmonium  sulfate  was  reached.  The  reaults  (Table  1)  indicated 
chat  both  V  and  W  antigens  were  precipitated  between  1.2  and  2,2  M,  with 
the  maximum  purification  occurring  at  1.8  M  (  sixfold  purification). 


This  experiment  was  repeated  with  the  exception  that  each  additional 
increment  of  ammonium  sulfate  was  allowed  to  equilibrate  with  the  aample 
overnight  at  5*C.  The  results  were  essentially  the  same  as  those  obtained 
with  ten-minute  equilibration,. 


The  remainder  of  the  400-mlI llliter  batch  was  brought  to  1.4  M 
ammonium  sulfate,  the  precipitate  removed,  and  the  supernatant  fluid 
brought  to  2.2  H  ammonium  sulfate.  I'he  results  indicated  that  63  per  cent 
of  both  V  and  W  antigens  w.Are  recovered  in  Che  2.2  M  precipitate  with  a 
4.5-fold  purification.  Since  considerable  quantlclas  of  V  and  W  were 
precipitated  at  1.4  H,  subsequent  batches  were  handled  by  taking  the 
material  that  precipitated  between  1.3  and  2,2  M  ammonium  sulfate. 


p 
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TABLE  1. 

FRACTIONATION  OF  V  AND  W  ANTIGENS  WITH  AMMONIUM 
SULFATE  (10-MINUTF,  EQUILIBRATION) 


Molarity  « 
of  ammonium 
sulfa  te 

V 

w 

Total 

protein 

m« 

Total 

units 

Unlts/mg 

protein 

Total 

units 

Unlts/nie, 

protein 

1.2 

20 

0.3 

10 

0.1 

67.0 

1.4 

20 

0.8 

40 

1 

26.0 

1.6 

40 

2.6 

80 

5.2 

15.2 

1.8 

80 

6.7 

80 

6.7 

12.0 

2.0 

80 

3.6 

80 

3.6 

22,5 

5.5 

5n 

1.5  ■  - 

. -rvy . 

(2.2  aupuSTiUiCaiiC 

fluid) 

0 

0 

0 

0 

72.2 

Totals 

260 

310 

223 

Original 

.  - 

— 

material 

320 

1.1 

320 

i.i 

296 

a.  Original  laatBcial  waa  brought  to  th«  nolarity  Indicated  by  the  addition 
oC  3.5  M  aamoniuffl  aulfata,  pH  7.0. 


2.  Cellulose  Chromatography 

The  wide  application  of  various  fonos  of  cellulose  for  the  separa* 
tlon  of  proteins  suggested  this  method  for  the  purlf Icatlo.i  of  V  and  W 
antigens.  Initially,  ten'mllllllter  samples  of  materi.’’.!  containing  V  and 
W  antigens  (precipitated  between  1.3  and  2.2  M  ammonium  sulfate)  were  ad¬ 
sorbed  on  one  gram  of  the  following  materials:  (a)  cellulose  phosphate, 
(b)  carboxymethylcellulose,  (c)  aminoethyluellulose,  and  (li).  diethyl- 
aminoethylcelluloee.  Only  the  diekhylamlnoetliyl  (DEA£)  cellulose  ad¬ 
sorbed  all  of  the  V  and  W  -antigsns,  and  this  material  was  used  for  all 
subsequent  cellulose  fractionation. 


9 


In  order  to  observe  the  behavior  of  V  and  W  antigens  on  DEAE 
cellulose, -.46  different  runs  were  performed.  These  experiments  Involved 
many  variables,  such  as  the  amount  of  protein  per  gram  of  cellulose  re¬ 
quired  to  saturate  a  column,  the  resolution  obtainable  with  a  stepwise 
elution  versus  a  gradient  elution,  the  use  of  regenerated  cellulose 
compared  with  unused  cellulose,  etc.  An  over-all  view  of  the  behavior 
of  these  antigens  on  DEAE  cellulose  is  shown  In  Table  II. 


TABLE  II. 

SUMMARY  OF  TYPICAL  DATA  OBTAINED  ON  THE 


FRACTIONATION  OF  V  AND 

W  ANTIGENS 

ON  DEAE  CELLULOSE 

Exper  latent 
No. 

Antigen  ^ 

Unit 8 /mg  Protein 
Before  After 

%  Recovery 

__.-l_,  .  _ 

V 

l.l 

3.0 

12 

■“2.2 

'  12.3 

2 

V 

0.8 

5.8 

63 

w 

3.2 

182 

13 

W  recycled 

w 

182 

291 

100 

.r 

w 

1.3 

32 

7  i 

W  recycled 

w 

32 

620 

100 

4 

V 

0.9 

2.1 

40 

w 

0.7 

n 

60 

5 

V 

1.0 

;2.7 

5 

w 

2.1 

22 

26 

a.  In  all  experiments  shown,  V  antigen  was  eluted  with  0,1  M  NaCl  and  W 
antigen  with  0.3  M  NaCl. 
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These  data  are  baaed  on  similar  but  not  luci.ti'til  experiments.  We  found  that 
the  greatest  adsorption  of  V  antigen  occurred  whan  the  sample  was  dialyzed 
against  distilled  water  and  then  placed  on  DEAE  cellulose  that  had  been 
washed  with  1  N  NaOH^  neutralized  with  0,018  M  potassium  phosphate  buffer, 
pH  6.9,  and  thoroughly  rinsed  with  distilled  water.  W  antigen  was  adsorbed 
more  than  V  antigen  and,  therefore,  presented  no  problem  in  processing  large 
quantities.  The  difference  in  the  percentage  recovered  of  V  antigen  may  be 
attributed  to  oversaturating  the  column  In  some  cases. 

The  elution  schedule  ueed  routinely  was  to  wash  the  column  stepwise 
with  distilled  water,  0.1  M,  0.3  M,  and  0.5  M  NaCl.  The  eluate  flowed 
through  a  silica  cell  and  the  amount  of  protein  It  contained  was  estiiuted 
with  an  Improvised  recording  spectrophotometer  consisting  of  a  Bausch  and 
Lomb  monochromatic  light  source  (set  at  280  millimicron)  and  a  photosensitive 
tube  connected  to  a  Brown  recorder.  Each  fraction  was  eluted  until  the  re¬ 
corder  indicated  that  the  eluate  contained  no  protein.  Depending  on  the 
amount  of  protein  per  gram  of  cellulose,  a  portion  of  the  V  antigen,  but 
never  W  antigen,  could  be  found  in  the  distilled  water  waah.  All  the  V 
antigen  that  adsorbed  Co  Che  column,  but  none  of  the  W  antigen,  was  eluted 
with  O.l  M  NaCI.  The  0.3  M  NaCl  eluate  contained  a  large  amount  fcf  protein, 
but-ao-V-antigan,-and:  uauatLy  Xitrlai  or-na-lL-antigen.-i-The  rL.3lMJJaCI_eluabe._ 
contained  little  protein,  but  most  of  the  W  antigen. 

The  uaa  of  DBAS  cellulose  for  the  purification  of  W  antigen,  as  wall 
as  the  separation  of  V  and  H  antigens,  was  very  effectiva.  The  average 
ceUulnaa  ehrpmat^aphy  wa«  t?0  viHlt  of  W  par  of 

protein  and  64  units  of  H  per  mllligrem  of  ptoteih  after  ealluloae  ohrow- 
tography.  This  lacear  figure  was  increased  to  ai  much  ar 620  by  recycling 

the  HTrntlgen  through  a  ana  11  laAB  celluloaa  colUiimT  Uolllw  V  antigen, - 

W  antigen  adiorbad  strongly  to  celluloaa,  end  aven  under  conditiona  of. _ 

high  prottin  par  gram  of  cellulose,  ell  the  W  antigen  was  adsorbed,  Xta 
inetebllity,  to  be  dlaouseed  lifter,  probably  contributed  to  tha  poor  re¬ 
covery  in  sooet  ceaee  •  By  use  uC  gel  diffusion,  it  was  denanacricad  chat 
only  W  antigen  could  be  detected  when  the  purified  aampla  was  diffused 
igelnet  several  complex  ei*'  leave.  r  7~ 

The  results  obtained  wlth^  DBAS  oelluloee  for  the  purification  of 
V  antigen  were  not  as  good  as  those  obtained  with  W  antl^gan^  la  termi  of 
unite  of  V  antigen  per  mllllgx.^..  of  protein,  the  average  ralue  veiit  fronl 
1,0  before  to  3.4  eftiur  celluloaa  chrometogrephy.  The  peteentege  recovered 
was  good  only  whan  the  ratio  protein  to  cellulose  wee  smell.  Processing 

large  batches  of  V  antigen  on  50-gram  DBAB  cellulose  column  /resulted  in 

most  of  the  V  antigen's  being  ^athed  through  with  dlatilled  w(|iter.  Pot 
example,  with  125  miiligreos  of  protein  per  gram  of  cellulose;  the  recovery 
in  the  0.1  M  HaCl  eluate  was  63  per  cent,  but  with  2800  mllllgrama  of 
protein  per  gram  of  cellulose,  the  recovery  iii  the  0.1  M  HaCl  eluate  was 
only  five  per  cent.  By  use  of  gel  diffusion,  a  minimum  of  five  to  seven 
antigens  were  shown  to  be  still  present  in  the  0.1  M  eluate.  Kecent 
expSarlments,  in  which  the  0.1  M  eluate  containing  V  antigen  was  recycled  on 
DEAE  cellulose  and  eluted  stepwise  with  0.06,  0.08,  and  0.10  H  HaCl,  have 
yielded  samples  containing  20  units  of  V  antigen  per  milligram  of  protein  with 
fairly  good  recovery. 


3.  OLher  Purification  Methods 
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Several  different  purification  possibilltlea  were  investigated 
but  discontinued  because  of  their  lack  of  promise.  Included  among  these 
were  calcium  phosphate  chroma tography^  continuous  flow  curtain  electro¬ 
phoresis,  precipitation  by  cold  methanol,  acid  precipitation,  2n‘^  pre¬ 
cipitation,  fractional  solubilization  of  an  ammonium  sulfate  precipitate 
by  a  gradient  from  2.5  M  atnnonium  sulfate  to  distilled  water,  chromatography 
on  625  Sephadex,  and  elution  from  specific  antigen-antibody  precipitates. 
None  of  these  methods  improved  on  the  results  obtaired  with  ammonium 
sulfate  precipitation  and  DEAF,  cellulose  chromatography. 

C .  STABILITY  OF  V  AND  W  ANTIGENS 

Both  V  and  W  antigana  were  detected  qualitatively  after  heating 
purified  samples  for  30  minutes  at  40'‘C  and  bO^C,  but  not  at  00*C  or 
100*C. 

When  25  milltlltera  of  a  culture  supernatant  fluid  were  placed  in  a 
dialysis  bag  (AS-millisiecer  diameter)  and  dialyzed  agfllnat  400  mlltt- 

litars  of  diacilled  waciir  at^S^e^wlich  constant  sgttatton  by  A  angnatic . . 

' j:rrri'?TV~alI  Uim  W  antigen,  but  none  ot  the  V  antigen,  waa  lost  aCtor 
two  days.  During  ths  two-day  dlslysla  periM,  J;l»  putain  Jtaaalnsd  at 
0.10  mllllgrara  per  nlUTTIteir. 

Rspatltion  of  this  •xpsrimsnt  again  danonitrated  the  lose  of  V 
antigen.  Tan  siillilitaea  of  a  fraction  prseipitatad  batwam  1.3  and 
2.2  M  anownium  sulfate  and  eontalnlng  eight  units  of  H  antigen  pit  nilll* 
liter  ware  dlalyaed  agalnat  250  mlllllltara  of  diatilled  water  at  5*C 

with  agitation.  After  one  day,  only  four  units  of  V  par  silllllitar  _ 

vara  prasant;  and  after  four  days  no  Hi  antigen  waa  datactad.  The  2S0 
milliliters  of  dialyaata  vara  oonoant.aiad  to  tan  millilltara  and  tasted 
in  a  gel  plate,  but  contained  no  detectable  H  antigen. 

The  titer  of  both  V  and  W  antigens  gradualTy  dacraasad  during  pro* 
longed  storage  at  S*C.  For  example,  one  of  the  beat  batehea  produced 
had  a  titer  of  12  unite  of  V  antigen  and  24  units  of  H  antigen  per  milli<|‘ 
liter  of  supernatant  fluid,  but  dropped  to  sight  units  of  V  and  16  unite  ' 
of  W  pet  mill  Ulcer  after  storage  for  three  days  at  5*C.  Saaplaa  of  a 
greater  purity  aeened  more  stable,  but  it  was  oonaon  to  lose  30  par  cant 
of  the  activity  of  both  V  and  W  antigens  during  storage  for  one  to  two 
weeks  at  S’C.  An  example  Illustrating  the  effect  of  storage,  dlalyala, 
and  lyophllisation  on  a  typical  preparation  of  V  and  W  antigens  la  shown 
in  Table  III. 

The  results  of  two  lyophillzatlon  experiments  demonstrated  a  50  per 
cent  loss  of  both  V  and  U  antigens.  For  this  reason,  lyophtllaat.lon  of 
materials  was  avoided. 
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TABLE  III. 

EFFECT  OF  STO£W.(;iE,-DIAI.TSIS^AND-LYOPHILlZAT-ION  ON-A - 

TYPICAL'  PREPARATION  OF  V  AND  W  ANTICEWS 


Samp  la 

Total  IJnitB 

of  Antleen 

V 

W 

(1) 

Culture 

Buparnatant  i'luid 

66,500 

(2) 

.Vame  a  a 

(1),  Intubated  at  5®  for  3  days 

6000 

32,000, 

(3) 

i^anc  ea 

(2),  dialyzed  overnight 

5800 

11,200 

(4) 

Same  aa 

(3),  lyophilized  and  reauspended 

3300 

7600 

^  -On^  ieyei’Al-ae'iAAioni  both  crude- And-p»rti»ll3f  1  r  led  V  end  N  anttgeiui~ 

J«jv  e«ciS*STr-8frer~charl'ngi — Tftirr 

t»Atl(tod  ia  ueed  routinely  when  e  eeiitple  containing  cheee  antlgtae  la  Co  be 
ntkOi'Sd-SwE’a  Xlian  S'  iSySr^- 

In  aoac  of  Che  oechodi  uaed  to  purify  V  and  W  antlgena,  it  la  aaaentia}. 
to  concantrate  tha  fractluna  obtained  in  order  to  detect  by  gd  diffualon 
mathoda  Che  antlgeiia  originally  preaentt  Since  at  U«<-6  cT.A*half  of  both 
V  and  W  antigena  wera  loab  after  lyophlllaatlonj  .<^that  oetnoda  of  eoncan* 
tracing  protelna  were  tried.  Five  nllllUtera  of  "■  aeaple  containing  night 
unita  of  V  and  night  uniba  of  ¥  antigana  par  ■ilUUter  ware  diluted  to  100 
Blllilitera  with  diatllle.}  water  end  pervepoteced  in  a  oallophana  eao  In 
front  of  a  larga  fan  '.’ntll  only  five  mlllllltera  regained.  Aaaay  of  the 
BUiteriel  after  ooneentraCion  by  Chla  aethod  indioated  chat  100  per  cant  of 
the  V  antigen,  but  only  23  per  cent  of  the  U  antigen,  wae  reooverad.  Fer- 
vaporation  vaa  (.aad  aubaequantly  to  oonoentrata  aaa^laa  ocntalning  V 
autlgan.  The  oethod  finally  adoptad  for  tha  concantratiou  at  V  aucigan  waa 
to  place  the  aaaple  in  e  oellopbane  aae  and  aurcound  the  aeo  with  Oarbowex 
(polyethylene  glycol  coapound  20'‘ll}v*  Thla  auicerlel  drewe  water,  but  not 
protein,  out  of  the  aac.  By  thia  oMthod,  e  aiuaple  could  beV>hald  at  S*C 
end  be  concencreced  10  to  100  tinea  with  no  loaa  of  W  antigen. 

D.  PHYSICAL  AND  CHBHICAL  ANALYSBS 

Throe  separata  molecular  weight  detenUnatlona  for  each  antigen  vara 
within  the  rangu  of  ^^5,000  to  95,000  for  V  antigen  end  140,000  to  150,000 
for  W  antigen.  On  /  dry-weight  basis,  the  beet  V  antigen  preparation 
contained  less  the/  / cne  per  cent  carbohydrate  and  nucleic  acid  and  100  per 

/  _ _ , 

*  Carbide  and  Car  aon  Chenicale  Coepany,  New  York  17,  N.  Y. 
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.cent-  prote ill. ,  The  be.yt  W  antigen  preparation  contatnad  38_p.ar_cant_llpld _ ,  _ 

and  59  per  cent  protein.  .Other  purified  W  antigen  pveparaipionB  contained 
less  than  five  pair  cent  carbohydrate .  The  llpoprotain  nature  of  W  antigen 
correlates  with  the  recent  finding  that  W  antigen  (M.W.  ■  Uv5,00d)  appear¬ 
ed  less  dense  than  V  antigen  (M.W.  -  90,000)  whan  both  antigens  were  sed¬ 
imented  in  ai  sucrose  deniilty  gradient. 

Both  V  and  W  antigens  were  destroyed  by  trypsin,  as  judged  by  loss 
of  ability  to  react  with  specific  antisera  In  a  gal  plate ^ 

E.  IMMUNIZATION  OF  ANims  . 

Injection  of  either  nurlfled  V  or  W  antigens  mixed  with  Freund's 
adjuvant  did  not  Induce  the  formation  of  detectable  antibpdlas  In  either 
mice  or  gui'.icn  g.  Iga,  but  did  Induce  antibody  production  In  rabblte. 

However,  redent  experiments  employing  Alglvant*  sj  an  adjuvant_»h'ultad 
in  the  production  of  both  V  antibody  and  U  antibody  iu  guinea  plgh  whan  . 

100  units  (eotiivalent  to  approximately- 100  microgrims)  of-sither  f;ntigan  ji  ' 
were-iftjflgtad  inwiWttaa.wlaHy-tP::SWg-lfl»il 


^fawi 


thtce  acctvaly  tliapmnise.d-guiMa-iplgirrin4J.oatadLthat„Vi.ai«tigaRj^>ut  -ho^rT^ 
y  agtigcnr^g-'^ttf.stt?c.-==lkir'o-aS^ I'fr^SS^-Sgaflfata-'-ly-gSfyi# 
sation  studies  cwployrlng  rabbit  tftua  ebftCilhlllf~fihift  V  intibody  W 
w  antibody  (Table  IV) ,  Rabbit  tnti-V  sarum  injseted  into  the  peritoneel 
cavity  of  miwC  conconlwntly  with  a  lQ(3*.Wtf^  dose  of  virulent  //•  itfcttB 
strain  Alexander  protected  all  the  mica,  Rebbit  entl-W  .Mptwml  ~ 

rabbit  ssrum  showed  no  protectivs  affect  under  the  lama  conditions. 


IV.  DISCUSSION 


One  of  the  conclusions  to  be  drawn  from  this  work  la  the  apparent 
importance  of  V  antibody  and  the  lack  of  inportance  of  H  antibody  in  . 
protection  against  plague.  *  The  lack  of  passlva  protection  of  V  anti¬ 
body  In  mice  (Table  IV)  supports  the  data  of  Burrows  snd  Bacoi!f  that 
guinea  pig  entiserum  containing  measurable  amounts  of  tf  antibody  was 
rlonprotective  against  P.  oestls  strain  M‘t23  challenge  in  mice. 

By  use  of  live  purine-dependent  strains  as  vaccines,  Siurrows  and 
Bacon^  found  V  antigen  to  be  poorly  antigenic  in  mice  and  nonantigenic 
in  guinea  pigs.  Although  our  experience  In  vaccinating  animals  with 
purified  V  antigen  supports  the  impression  that  V  Is  a  poor  antigen, 
results  with  Alglvent  indicated  that  it  can  Induce  antibody  formation 
even  In  guinea  pigs.  The  apparent  Importance  of  V  antibody  would  make 
an  invextlgacior,.  into  methods  of  increasing  the  antigenicity  of  V  seem 
wortHwhll'e.  i 


*Coi.ab  Labo.'atorles ,  Inc.,  Chicago  Heights,  Illinois 
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Unfortunately,  V  antigen  was  more  difficult  to  purify  than  W  antigen. 
One  promising  possibility  of  Increasing  the  purity  of  V  antigen  is  the 
use  of  density  gradient  centrifugation. 

Although  V  and  W  antigens  were  always  produced  together  (usually  just 
tT>'lce  as  many  units  of  W  antigen  as  there  were  of  V  antigen),  there  was 
no  evidence  to  support  the  Idea  expressed  by  Burrows  and  Bacon^  that  one 
antigen  may  be  the  precursor  of  the  other.  Culture  supernatant  fluids 
containing  known  amouiats  of  each  antigen  never  Increased  In  the  concentra¬ 
tion  of  one  antigen  at  the  expense  of  the  other. 


TABLE  IV. 


PASSIVE  PROTECTION  OF  MICE  AGAINST  PLAGUE  WITH 
RABBIT  ANTISERA  CONTAINING  V  ANTIBODY  OR  W  ANTIBODY 


Rabbit  serum  S/ 

Dead/Total  Challenized^ 

Exp.  1 

Exp.  2 

Exp.  3 

Normal 

10/10 

10/10 

10/10 

Antl-V^/ 

0/10 

- 

0/5 

Antl-W^/ 

- 

10/10 

5/5  5/5 

a.  Five-tenths  milliliter  of  rabbit  serum  was  injected  Into  the  peritoneal 
cavity  concomitantly  with  the  challenge  dose.  Three  days  later,  another 
0.5  milliliter  of  serum  was  injected  via  the  same  route. 

b.  Mice  were  challenged  with  approximately  1000  P.  pestts  strain  Alexander 
(100  tlr  the  LD50  dose)  via  the  intraperitoneal  route. 

c.  Two  dlfftrent  antisera  were  tested. 

d.  Three  different  antisera  were  tested. 
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